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Design and Synthesis of a Zn?>" Fluorescent Probe Based on
Aggregation Induced Luminescence Properties

Zhang, Jidong™* Yan, Wanlin“ Hu, Wengiang* Guo, Dian* Zhang, Dalong®

Quan, Xiaoxin“ Bu, Xianpan® Chen, Siyu*
(* Quality Supervision and Inspection Centre of Se-Enriched Food of Shaanxi Province, School of Chemistry &
Chemical Engineering, Ankang University, Ankang, Shaanxi 725000)
(* Key Laboratory of Se-Enriched Products Development and Quality Control of Ministry of Agriculture,
Se-Enriched Products Research Institute of China, Ankang, Shaanxi 725000)

Abstract In this paper, a novel aggregation-induced emission (AIE) effect Zn?~ fluorescent probe L was constructed with
aggregation-induced emission (AIE), tetraphenylethylene as the fluorescent group and 5-ferz-butyl-2-hydroxybenzene as the
recognition group. The structure of probe L was characterized by NMR and ESI-MS, and its fluorescence properties was stud-
ied by UV-vis and fluorescence spectroscopy. In ethanol/phosphate (PBS) (V' : V=7 : 3, pH=7.4) solution, the probe L ex-
hibited fluorescence-enhanced high selectivity and sensitivity detection of Zn2", the detection limit was 34.1 nmol*L L. In the
range of 0~3.0X 10 5 mol*L !, the probe showed a good linear relationship to Zn?". The obvious color change can be ob-
served with the naked eye under UV light and natural light, which can realize the visual detection of Zn?>". The response
mechanism of the probe to Zn2" was studied by Job’s plot, ESI-MS and density functional theory (DFT) theoretical calcula-
tion. The novel probe reported in this paper can serve as a convenient tool for the analytical determination of Zn?".
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*

Corresponding author. E-mail: akuzjd@aku.edu.cn

Received July 3, 2022; revised August 1, 2022; published online September 1, 2022.

Project supported by the Shaanxi Provincial Technology Innovation Guidance Special Fund (No. 2022QFY09-09), the Shaanxi Province Key Research Pro-
gram (No. 2020GY-246), the Natural Science Foundation of Shaanxi Province (No. S2018-JC-QN-0631), the Special Scientific Research Project of Shaanxi
Provincial Department of Education (Nos. 17JK0017, 20JK0473), the Key Laboratory of Se-Enriched Products Development and Quality Control, Ministry of
Agriculture (No. Se-2020C04), the National Undergraduate Training Program for Innovation and Entrepreneurship (No. S202111397012) and the Shaanxi
Provincial Innovation Experiment Program for University Students (No. S202111397039).

HE T E R RI(Nos. 17JK0017, 20JK0473) MV A8 & il 7= ity 7 % 8 5t 5 B T AR 5000 =TT A A (No. Se-2020C04) B g K24 AE Bl
BNEINZRTHRINo. S202111397012)F0 Bk 7648 K 2% A4 G G I 571Kl (No. S202111397039) % BhLi H .

326 http://sioc-journal.cn/ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43,326~331



Chinese Journal of Organic Chemistry

B NAR YA 51 28 — 13k 42 )8 o0 = (LR T4%),
HAEHHIssh . R I5 M40 AT 4505 1 B B AR
FHM. AP Zn(10) 0 25 L 23 38 I 48 77 TH B0 1R AU,
YRR SR PRI ERAE O AT BRI 2 s 24, Rk, R
TR A RR RS R Zn? 7k B3R &
BB SR, RN d'O TR BYARRAE 80 Zn? X e R R
Wi REEAR I Fe2 Al Cu?'. 5IE-TIRIOEE(AAS)
JRF R AT ETE(AES) Ji i (MS) A HLEHE & %5 25 1 (ICP)
EONEEL, RARE B T H RS &, fE iy
AT LA A I S 6T, L) BT AR A R
B Zn? KB Cd M Zn AbF R — T, HA BRI
SEMER, CA2 A5 T ZnX 5ukail. Bk, Kt
B Zo? ORI B PR, BIH TN IE, — R
Bz SORIRET W RIE, TS AIE BT, 1,8-Z5Tt
fie G E AN RIS, R 5 A —-2-nthme G
W BRI AL i 5510130, | R A B R ZEL7E 2001 R4l 5
EHFRGAIB)LISKI, FET AIE RN AL 2%
Wiz 408, AIE SO BA oot R R, Hxt
JE RS ) A i A0 B v R . SR, B AIE %K
IS ) Zn2 " AR BB IR IE A E g /bS8 B HRIE )
— AIE RUMLIY) Zn? AL RS A7 AR A R e sl —
P 22 5 )

TEARZ REFHF PRI T, VUK Hi(TPE)
N HATAEY T BAFH AIR RIGRUN & 7 R 5 T
hRete e, 7Eid 5 JUAERS (R B 51 1)z ey
ITAER, BT TPE M5O Bas gl 29, JEHRM
H T RUFRE AN RE. Stang ZEPO21HRE T —Ff
T TPE ZHHIE N PtADE @RI &Y, vV T
PR IE 55 8. FEAS R SRR My T — R I T =k
BEEUCH TPE £544 Zn?' il F&¥' IO KA. M
SEDBURTE T — RIS G BRI 2 T B g5 4, T A
T Fe3 A Cu BUAGI. 2021 4, 5K B BIAERARE T 3T
AT e B PUK 206 RO Pt & B O, X UL 4 B SRR
HA PRSI B A6 & T 7= R A [l A &
whn. Sz, FERHN TPE BUR K HRET F T3R5 R0
A=A P A SR ARSI LA B AT R R L

BETULEJER, WA T — MR R S-RUT H-2-
FRFLIRATE ) ALE POCHRE > T, A BRI W1 Scheme 1
Fizn. Hegagid. REGN zn?", BNER N 34.1
nmol*L ™!, £ 0~3.0X 1075 mol-L ' JE[E A, #H%H*t
Zn®> " RILH RPN R, UF S PRET LRI 5510
PN, YT AEAE Zo? I, REF RO R ST B R,
AT D A IR E(FE 365 nm 4N T, NG
AR AT M), HAGMALEEE Job’s plot, ESI-MS Al
DFT #ig 7 #r.
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EtOH O
R |
Reflux

B 1 e L &g

Scheme 1  Synthetic route of probe L
1 ER5HIE

WA L B4 B2 Scheme 1 FiR, tL&%) TPE-
NH, R4 O IE SRR 775 ). %% L >R A TPE-NH,
U SRUT HE2-F BRI IR AN R — DAk, H
b 25543858 "H NMR, 13C NMR #1155 73 #5 i% (HRMS)
KA.

1.1 RBEFSLHAIE)

RNCEREE L RS FA I BRI B s g, an
CH;OH, THF Al CH,Cl, {H7E/KFRILH A, i 1
FiR, 76 560 nm KA, #REF L 7E4ER) THF W+ L
TEAE DN, 4 H0 BT EUEF] 60%H] B 24 5,
HB KR S KAE 560 nm, #6504 F] 1049 nm. [
7K IR F B8 0, PRET VA BV, 58 e B
FREEI R, KR 0L 2] 90%H, 5% a0 A H
B ONME(2058). 2R, M/KIIAR D Hm T 90% )5, R
B S EREE ML R F%, AT Be s RO ERE AR KV
R RIS R A T2k, %R 645 R RET L B
AL RES SN, H AIE RN ATREZHT 4T
Jie i 2 PR 51 .

1.2 R& L Bt EE R

R IEFE OB EE(PBS) (V1 V=7 3R
TERZICR IR R, T PHEIREN LX) 18 P &R+
HIRARE ), RIEREN L 17E L IE/MER 2L (PBS) (V1 V=
713, pH=74)IRE R 0 B &M &8 & 7 11
MR HEHMTIE, &S TG 5 Li', Na', K', Ag’,
Ca?’, Mg?", Ba2", A’", Mn*", Co*", Ni¥', Hg?', Cd*",
Fe?',Fe*", Cr*', Cu® Ml zn?". &%t L 7E 450~600 nm 755
BBl P R B H 55 (10 9% 6 [ TE LB/ R 2R (PBS) (V1 V=T
3, pH=74)HETF/=% d=0.09]. 1£ Zn> {FLEMTE DL
T, WORPEK N 400 nm, FREF 156K I RO H B3 1
o, PR (TE O BE/BEIR Eh(PBS) (V1 V=173,
pH=74H)HET 7% OLz,=0.16)(& 2). FEATHITF,
Y Zn? AR, WA R AN E G, 7E 365 nm
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SR IR PR 400 nm)LL K (b) L /£ THF/H20 H15¢
JHR AR AL K]

Figure 1 (a) Fluorescence emission spectra of L in THF/H20
with different water fractions (10 pmol*L™ ') (excitation wave-
length is 400 nm), and (b) plot of emission intensities of L in
THF/H20 versus water contents

SAMT R, BB B W AR Ay, T USRS
Zn? AT AALE BRI (] 2, 4RSI, &1 SSa, Sb). H
fib 8 B 7 T LR LR FEAE RS B AL {3
AN UV-vis BFFURIN, 24 Zn? fETERT, SREFL Y
7E 368 nm AL IR I H BN BR(1E 3). i F T4 SR Ui
HEF L B A RIS VSO I Zn?"
1.3 FHikE

AT RIS R E T RE LA Zn? 152,
WS FHRARREATHE. WIETE 10 pmol-L ! MRS L
BRI S equiv. (IR F &8 B 75, A 5
equiv.ff) Zn?", IS5 RN 4 Frs. TEREHE A R
MAFEEBE TR, HEF L 5REREE 542 nm &b
ToH R, BEJEIMAN Zn?', HR AR RO, 1%
WIG L F I ZIRET L X Zn?" B BT & — ik
Krillge 7).
1.4 TEEXW

REF LRI Zn? 1K) R BRI I 5O R SRR A,
H R A Zn? R EEZ (B (M50 R HT. PREF VAR

328 http://sioc-journal.cn/

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Other metal ions
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B2 #REFL (10 pmol=L )5 AN ) 8 111 F IR 5 it A
it
Figure 2 Fluorescence emission spectra of the fluorescence

probe L (10 umol*L ') interacting with different metal ions
Insert: photograph of L and L+Zn>" under a 365 nm UV lamp

06 EFs

oL
= S|

Absorbance

200 2;0 360 3!;0 460 4;0 500
Wavelength/nm

B3 4L (10 pmol*L YA L+2Zn2" (10 umol*L Y)FE Z.Fi5/
B EL(PBS) (V © V=7 : 3, pH="7.4)I8 &V I & A1l
Figure 3 UV-vis absorption spectra of L (10 pmol*L ') and
L+Zn?"(10 pmol*L ') in methanol solutions

Insert: photograph of L and L+Zn?" under visible light
AR E R Zn2", HIREEM 0 £ 3.0 equiv. 3,
W 5w, b Zn® WRE RGN, PREF L 9850
JEAE 543 nm AbTE e EEETIG N, M HAZAT 24 nm
KRS, WERRIL, £ 0~3.0X107° molsL™! ff] Zn2" Ik
FEJGEI, R4 L 7E 543 nm ALHIP6 K B 5REE N Zn?*
WIEH BIFLTER R(R2=0.9964), FH2&VE R 55 &
Ny=413.68x+508.36, WKl S(b)Fra~. AR FTH
HAK: DL=30/k (6: ¥EF L 2688 KIAn R Z, &
POt IR IREN L RIRES Zn? IR E MY K
FIRER), THEAHEE L 5T Zn? kIR 4 34.1 nmol
L iz A U IREE L 6 Zn? T B R I R
FE.
1.5 IREF L3 Zn? BB AL

NTHESRE L X Zn2 g5 &t 178 QB 2R
(PBS) (V : V=17 : 3, pH=T7.4)iEW 7K H] Job’s plot J7i%
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Figure 4 Emission intensity changes of L (10 umol*L™") in
EtOH/PBS (V : V=17 : 3, pH=17.4) solution with Zn?" (50
pumol*L 1) and other cations(50 pmol*L 1)

1: Zn*"; 2: Na' +2Zn?"; 3: K'+2Zn"; 4: Ag" +2Zn*"; 5: Mg>" +2Zn”"; 6:
AP +7n?"; 7: CP +Zn?"; 8: Mn?" +2Zn2"; 9: Fe? +2Zn?"; 10: Fe*' 4
Zn®"; 11: Co*"+Zn?"; 12: Ni¥™+Zn"; 13: Cu?"+2Zn®"; 14: Ca*"+
Zn**;15: Cd* +2Zn"; 16: Ba®' +Zn*"; 17: Hg* +2Zn*"; 18: Pb?" +Zn*'
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713, pH=THFRFEWER) Zn2" (0~3.0 equiv.)I7¢ i
B, BLE (b)Y REE L (10 pmol L™ Y)7E 548 nm 4b 5% Y650 B 5 AN A
Zn? IR IV EI(0~3.0 equiv.)

Figure 5 (a) Fluorescence probe spectra of 10 pmol*L ! L in
C:HsOH/PBS (V' V=17 . 3, pH=7.4) solution in the presence
of Zn?*, and (b) the fluorescence intensity at 548 nm of probe L

(10 pmol*L ") upon addition of different concentrations of Zn"
(0~3.0 equiv.)
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HATHEZ. e L 5 Zn? FRIRELRFEAE 200 pmols
L REHE Zn? MREELL Y50 0010, 109, 218,
3:7,4:6,5:6,6:4,7:3,8:2,9:1H110:0 W%
W TERSTEK Y 548 nm &b, 4 Zn? IHEER L 0.298
I, HHOCR SRR EIR K, WE 6 Frn. ks
RUHRE L 5 Zo? Mg Gy 2 01, TR E i
#4). ESI-MS F T-WF Fo#R%H L 1 Zn? 148 54, 18 m/z
1169.057 4t H B, W] DL € N[2L+ Zn+NOs] " (A
S4), FREAIE T HAG 2 D1 Bk, REFRTRER RS
THLELUN Scheme 2 FiR, 24 Zn* fE{ER, ¥4 L A1
Zn?" 2 [AAFAE #4619 (chelation-enhanced  fluores-
cence, CHEF)R(, 1% 5 HL T # (photoinduced elec-
tron transfer, PET) RS A W, FREF L 128 Yok 15 5 201,
UbAh, KB 1) OH 2 HIAAH ALY CH=N H & 7£—# T3
PR A5 F Wl 77 #% (excited-state intramolecular pro-
ton transfer, ESIPT)id %, Zn? 47 )5, ESIPT i FE4kA
i, PR AEOGE BT,

700

[}

600 -
2
2
§ s00- \
E
8 400 " ~—
C
3 .\
7]
o 300 \.
[}
]
('

2004

-
100 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

[Zn*([LI+[Zn*])

Be6 LA Zn2 [ Job’s plot Hh£E K
Figure 6 Job’s plot of L and Zn?"

NO ESIPT

B2 HREE LU Znd MO
Scheme 2 Fluorescence enhancement mechanism for L to rec-
ognize Zn*"

L f1 L-Zn** [ & AL P08 1@ = B 09 B3LYP/6-
31G(d, p)i ATt Wl 7 Fow, $REF LR O i+
AN R 5 Zn? B fr. @R, L-Zn> tb &40
HOMO 1 LUMO H#iEfRe &2 A 2.95 eV, HAEMLT1L

http://sioc-journal.cn/ 329



BIKE

AW L ReEZ(3.67 eV). WIREREN, e T
Zn® 2 AR AL, BREH TR B2 5 Zn?t
NIGFULHE, S8 R4, MMsedl Zn? i EPE5 Ok
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-1.92 eV -2.17 eV LUMO
i 3.67 eV i 2.95eV
-5.59 eV -5.12 eV HOMO

L L-Zn?

Bl 7 DFT #igit 5K L A1 L-Zn*" ¥ HOMO/LUMO feg %L
8

Figure 7 Optimized structures and HOMO/LUMO of L and
complex L-Zn** by DFT calculation

1.6 FEMAREHR

TEF L A L-Zn® B4 il 14 R 8 (SEM) I 7L
Heg g, K RmE 8 fr. Wil M %% &k 4l
PARE L 2000 B R T AR (B 8a, ©). #R1M, 4ER%t
L [¥ERINN 2 equiv. [ ZnCly, 52)\E &) L-Zn?" 2
L BB s BEERIR 25/ (K 8b, d). /% L FIEAY)
L-Zn? JE3 A B AL Ui Zn? IO BC AL PRET L PERE
FEAE TR RS

2 Zhig

WAt &M T — R ST - 2- R RATAE
AIE RN Zn? 9 6iRER L. ¥4 L 7F LEE/B R £(PBS)
(V V=73, pH=T.4) KW TR Zn> R H w10k
YRR BE, HESEETRA T, 7£365 nm % 4MT
TEE R A S, ATIETR, WG L
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B8 (ac)L Kb, dL 5 Zn? ERME &Y SEM KR
Figure 8 SEM images of (a, ¢) L and (b, d) their complex with
ZnCla.

AN e, R, A LAl DLSEEl e ARSI Zn2",
HATIER A 34.1 nmol L. 54EF L Zn? A HLEE Ay
PET %% . CHEF %3 A1 ESIPT 2¢)3%i. ifid ESI-MS, Job’s
plot I DFT WF7E &I, ¥REFS Zn2 FERL T 2 1 1 IFC &
Y. Rk, ZGERER L T DME NIk B 5l Zn? 1
TA.

3 s
31 B 5EHHA

iR '"TH NMR F1 3C NMR 12 [E Bruker
AVANCE 111-400 Hz illl%E, TMS 1£ NP5, DMSO-ds 1
IR, R € Bruker micOTOF-Q-II I 5E;
AN B UV-1700 K53 6T E; 2otk
W% Hitachi F-4500 7606 iEMlE, KA 1 cm ML
WAL R A H PR A 7 X-4 SAUE s AcE. fr
HiARH T &S Praisifb 2o, LFgidt—Saift,
TE M SREG HE FE v, SRR IR ZE TR K.
3.2 LEYINERAMEERIE

£ 50 mL BJEFIRFIIN 1-(4-FFHEFK)-1,2,2-=F
ZJ#(0.1 g, 0.29 mmol)Fl 5-# T Jk-2-F2 5L 7 H5(0.048
g, 0.29 mmol), T 10 mL THEA ZEEFEIR 4 h, &
PE5EJG D, TR IR AR A B 5 BRI, g, FHOK
R GV 3 UK, TETC/K I o E 45 AR 18 B)(E)-4-BU T 2-
6-(((4-1,2,2- = IR B 20 Jik ) 7 Bk ) W 2 6 ) FH 2 2R 1y (L),
FEECN 92%. AR E A, mp. 157~159 C; 'H
NMR (DMSO-de, 400 MHz) 6: 12.80 (s, 1H), 8.92 (s, 1H),
7.63 (d, J=2.8 Hz, 1H), 7.46 (s, 1H), 7.44 (s, 1H), 7.24~
7.09 (m, 10H), 7.02 (d, J=8.6 Hz, 8H), 6.88 (d, J=8.7
Hz, 1H), 1.27 (s, 9H); '*C NMR (100 MHz, DMSO-dj) d:
164.2, 158.6, 146.7, 143.9, 132.4, 131.1, 129.3, 128.6,
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127.4, 121.6, 119.1, 116.7, 34.3, 31.6; HR-ESI-MS calcd
for C37H33NO [M+H]" 507.2562, found 508.2720.
3.3 ARECHIFNSIENIR A

&Y L FTE/K G R, FLE L 1.0X 1073 mols
L NS, BB ik Li', Na', K', Ag’,
Ca’, Mg¥", Ba*', Sr*", AP", Mn®", Co*', Ni?", Hg?",
Cd*', Fe*', Fe*", Cr*", Zn> " fl Cu® HIRSER Sh1E N & 8 55
TRUR, H R ZEEKE R, TCE K 1.0X1072 molL™!
VEG VAW, B 1X1073 molsL ™! ) L i & 1A 43 5
TR K AT BN 0~90% 1) 2.1 /7K I8 A7 (10
pmol=L 1), FFill g HIREIFH TR GHERE. WK K(Ex)
N 400 nm, RHHFEEK(Em)H 500~700 nm. 75N E
BB, BHREHA R RE R 10 pmoleL™!, W7k $% 205/
W2 LR (PBS) (V : V=7 : 3)IBA AW, pH N 7.4, &I
FEEL 3 mL BT 1 om WA ILBEATIE, Fra il e
BT R R N AT
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